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SUMMARY
The plasma concentrations of ACTH, cortisol, aldosterone,
thyroxine, cyclic AMP and cholesterol were compared between normal
and heroin addicted subjects. Significantly lower ACTH, cyclic AMP
and cholesterol levels were observed to be associated with the
heroin addicts. On the other hand, their plasma thyroxine level
was significantly elevated. Based on these findings, it seems that
the functional disturbances of the endocrine system exist in
heroin addicts.
Forty-two heroin addicts and 31 normal subjects were treated
by acupuncture with electrical stimulation (AES). After initial
AES treatment, the plasma levels of ACTIN and cortisol in the heroin
addicts were reduced, but no change was observed in the.normal
group. In contrast, plasma cyclic AMP level did not show signifi-
cant changes. Plasma ACTH and cortisol levels are generally higher
during the appearance of withdrawal symptoms, thus the decrease in
the levels of these hormones after AES treatment might be associated
with the disappearance of withdrawal symptoms. However, the exact
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Hong Kong is an international port and as a result it is
difficult to control the movement of goods in and out of the colony.
Because of this, Hong Kong is often used as an international dis-
tribution center for narcotic traffickers.
Annual seizures of illegal imports of narcotics amounts to
hundreds of million dollars in street values. The following table
summarizes the amount of the most popular types of drug seized betweer
1972-1974:
Table 1. The most popular types of drug seized in Hong Kong
1972-1971 1973-1974
Raba opium 3505.2 Kg 1967.2 Kg
Prepared opium 297. 4 Kg 197.0 K
Morphine and morphine 528.2 Kg 317.1 Kg
hydrochloride
Heroin (salts of esters 87.0 Kg 67.6 Kg
of morphine)
Barbitone 72.8 Kg 31.9 Kg
Cannabis (including resin 8.5 Kg 17.5 Kg
2Since narcotics are so readily available in Hong Kong, addiction
is a major social problem. According to a report issued by the
Action Committee Against Narcotics, there are probably 8,000-10,000
addicts in Hong Kong. (Report of Action Committee Against Narcotics,
1973-1974.)
The most frequently use narcotic drug in Hong Kong is heroin,
the chemical name of which is diacetylmorphine. It is a derivative
of morphine and can be synthesized from morphine using a relatively
simple chemical procedure. The reason why heroin is the preferred
drug of addicts is due to its more potent analgesic and euphoric
effects (Seevers and Pfeiffer, 1936 Martin and Fraser, 1961).
CONVENTIONAL REHABILITATION
1. Rep Zacemnt Therapy:
Many opiate drugs can be used as substitutes for heroin in the
treatment of withdrawal. Methadone (6-dimethyl-amine-4, 4-diphenyl-
3-heptanone), which is a synthetic narcotic analgesic drug, is
frequently chosen. There are three basic reasons for this: (1)
Methadone can be administered orally. (2) the duration of action of
methadone is about 8 times longer than heroin (24-36 hours vs. 4-6
hours). In this respect, methadone has the advantage that it needed
to be given only once a day in normal circumstances. (3) the
abstinence syndrome from methadone withdrawal is relatively mild
and tolerable (Blachly, 1966).
The potential use of methadone for treatment of addiction was
3first proposed by Dole and Nyswander (1965). They observed when metha-
done is given in sufficiently high dosage, it will reduce physiological
craving as.well as induce sufficient tolerance to block the euphoric
effect of heroin. Blachly (1966) has given the equivalent potencies
of the following drugs to 1 mg methadone:
1 mg heroin
3 mg morphine
0.5 mg dihydromorphine (Dilaudid)
20 mg merperidine
30 mg codeine
4 mg pantopon (Hydrochlorides of opium alkaloids)
7-8 ml laudanum
1 mg racimorphan
0.5 mg levorphanol (Levodromoran)
In a typical methadone treatment program, the addict is first
maintained on a high daily dose of methadone. With this dosage his
usual withdrawal symptoms will be suppressed. As soon as his condi-
tion is stab?ized, the amount of methadone administered is gradually
reduced over a period of one to three months. At the end of this
treatment program the addict should be completely detoxified and will
no longer be dependent on either methadone or heroin.
Although methadone substitution offers a way for treatment of
drug addiction, unfortunately, it also has some side effects. Exam-
ples of these include impairment.of respiration, digestion and
sexual behavior (Lenuard et at, 1972). Moreover. Baden (197) an
4Gearing (1970) documented that the mortality rate of methadone-
maintained patients is significantly higher than that of the general
population.
2. Narcotic Antagonist Therapy.
Narcotic antagonists are effective against heroin and other
narcotics because they prevent those drugs from reaching the nervous
system. Antagonists differ from narcotic agonists, such as methadone,
by the fact that they do not have narcotic effects and are not addic-
tive. For example, the two narcotic antagonists, cyclazocine (a
benzomorphine compound) and naloxone (N-allylnoroxy-Morphine) have
been proposed for use in the rehabilitation of opiate addiction
(Hammond, 1971). A dose of cyclazocine, given orally, will block
the habit forming and the euphoric effects of heroin for at least 24
hours. Patients are usually built up to this blocking dosage grad-
ually over a period of several weeks. In the early stage, patients
often experience dizziness, headaches and other side effects, sometimes
including hallucinations. Cyclazozine is slightly habit forming
because mild withdrawal symptoms will occur when its usage is
discontinued but neither it nor naloxone is addictive. Naloxone
has far fewer side effects than cyclazocine and it apparently does
not require a period of gradual accommodation. For the treatment and
prevention of addiction, however, the drug is not ideal because its
antagonistic effect is too short to be of practical value in the
treatment of outpatients. Furthermore, it is expensive and difficult
to supply in large quantities. Since naloxone is not very effective
5in oral form, doses of 1,000 mg or higher must be used.
Data on the effect of chronic administration of antagonistic
drugs is not available, hence, the possibility of long-term negative
effects is unknown. Nevertheless, these drugs have been found to
be useful in short-term treatment of addiction. (Fink Freedman, 1970
Freedman et al., 1970)
A drug, EN-1639 (N-cyclopropylmethylnoroxymorphine), which was
recently developed and studied, is an effective opiate receptor
blocker. It can be absorbed in oral form and is free of significant
agonistic effects. Its potency is about twice that of naloxone, and
its side effects are less frequent and less intense than those of
cyclazocine. The duration of action is about 24 hours. It may soon
be available in sustained-release or implantable form (Hammond, 1971).
3. A l ew Method- Acupuncture with electrical stimulation.
Recently, acupuncture with electrical stimulation (AES) has been
used to treat drug addiction. In this study, 70 drug addicts were
divided into two groups. One group is treated by methadone detoxifi-
cation and the other by AES. After one year, the abstaining rate of
the acupuncture treated group is approximately 80% higher than that
of the methadone detoxified group (Wen and Teo, 1975). This mode of
treatment is of particular interest because it is simple, economical,
and will not cause any side effect as in the methods mentioned earlier
(Wen and Cheung, 1973). In addition, the program only requires a
relatively short period of hospitalization and it does not have
drawbacks, such as in the case of drug substitution (Dole and Nyswander,
1968).
6BIOCHEMISTRY OF ADDICTION
All narcotic drugs that are addictive to humans have one common
characteristic, namely, upon chronic intakes, they are habit forming
and upon abrupt cessation withdrawal symptoms will develop. Such
profound alteration of behavior must originate from the perturbation
of certain important biochemical processes in the body. Narcotic
analgesia is now generally believed to exert their pharmacologic
action by first interacting with specific receptors in the central
nervous system. The concept of specific analgesic receptor is
strengthened by the fact that narcotic drugs have common structural
features. Enantiomers of narcotic drugs exhibit large differences
in potency and structurally related antagonists can counteract the
action of all narcotic agonists.
The structural formula of morphine was confirmed by total
synthesis in 1952 and 1956 (Gates and Tschudi, 1952 1956). It was
shown that only the levo isomer D(-) has pharmacological activity
while the dextro isomer L(+) is inactive. Chemical formulas of some
typical narcotic agonists and antagonists are shown in rig. 1.
Since narcotic agonists and antagonists are structurally
similar, Takemori (1974) proposed that the nitrogen group in these
molecules is probably the prosthetic group for interacting with
narcotic receptor.
Autoradiography was initially used by Miller and Elliott (1955)
to locate morphien receptors. More recently, Teschemacher et at




















Fig. 1 Chemical formulas of some typical narcotic agnists and
antagonists
8locate the site of action of this drug more precisely. Based on
their study, they concluded that the analgesic receptors are situated
approximately 1.2 mm. away from the fourth ventricular wall. Though
the location of the receptors has been pinpointed, further evidence
is needed to prove that these receptors are indeed the sites for
mediating pharmacological action. Takemori (1974), using microinjec-
tion of morphine to rats, showed that a dose-response relationship
for analgesia could be obtained if the injections were made into the
anterior thalmic nuclei. In addition, they observed that analgesic
effects could also be produced when morphine. was injected into other
thalamic and hypothalr mic areas. Herz et aZ. (1970) using a similar
technique found that the sites acted on by morphine are located in
the periventricular gray matter surrounding the aqueduct and in the
structures on the floor of the fourth ventricle.
Wei et aZ. (1972 1973) implanted naloxone crystals in
different regions of the brains of morphine addicted rats and observed
that abstinence signs were most frequently seen when naloxone was
placed in the medical thalamus and medical areas of the dienciphalic-
mesencephalic juctures. They concluded that these are probably the
primary sites for the development of narcotic dependence.
More recently Pert and Synder (1973) made use of 3H- -naloxone
to perform binding studies with homogenates and subeellular fractions
of brians from rats, mice and guinea pigs. They showed that the
3
binding of H -naloxone was stereospecific because only the L-isomer
of morphine derivatives could compete for the binding effectively.
9Moreover, the binding of naloxone was confined to the nervous tissue.
Based on their results,_these authors suggested that their observationE
can only be accounted for by the presence of a. specfic narcotic
receptor in the brain.
The action of narcotics in causing tolerance with physical
dependence cannot be explained by the concept of narcotic receptors
alone. Other neural and/or humoral factors must be involved in
mediating the signs and symptoms of addiction.
One theory on tolerance and dependence is the enzyme expansion
theory proposed by Shuster. (1961) and Goldstein and Goldstein (1961).
Their theory postulates that an acute dose of narcotic drug can
inhibit or depress enzymes that are involved in the synthesis of
neurotransmitter for the perception of pain. The first effect of the
drug will be to reduce the concentration of the transmitter, and as
a result, analgesia is produced. Upon continuous exposure to the
narcotic drug, the amount of the pain perception transmitters is
suppressed to a very low level and in order to counteract this, the
amount of enzyme responsible for the synthesis of the transmitter is
increased. Ultimately, the coLicentration of the transmitter will be
restored to its normal level. When this happens, the subject becomes
tolerant to the drug. If the drug is suddently withdrawn, the enzyme,
now no longer inhibited by the drug, will start producing excess tran-
smitter substcnce and such over production will lead to signs of
abstinence.
The validity of the enzyme expansion theory depends on the basic
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assumption that narcotic drug will somehow affect the level of neuro-
transmitter in the central nervous system. Direct evidence to support
this contention was obtained by Vogt (1954) who observed that morphine
can depress the catecholamine content of both the brain and medulla
in the cat.
The synthesis, storage, release, and metabolism of neurotrans-
mitters such as catecholamine, acetylcholine, serotonin can be altered
by narcotics. In the case of catecholamine, it was shown that adrni_n-
istration of morphine will reduce the content of this neurotransmitter
in the adrenal gland and the brain of mice (Takagi and Nakama, 1966).
On the other hand, when the rate of catecholamine synthesis was moni-
tored in these organs, it was found to increase by 100% (Smith et al.
1970). After inhibition of catecholamine biosynthesis, the release
of catecholamine was markedly accelerated in the rat brain by an
acute dose of morphine (Gunne et al. 1969). According to these
observations, morphine probably induces the release of catecholamine
from the brain and the adrenal glands and in response to this effect
the rate of catecholamine synthesis is increased accordingly.
Other than catecholamine, morphine treatment is known to increase
the acetylcholine content in the mouse and rat brain (Richter and
Goldstein 1970). There are 3 possible ways by which this may happen
(1) A net increase of acetylcholine synthesis. (2) Inhibition of
cholinesterase to prevent the enzymatic destruction of acetylcholine.
(3) Impairment of acetylcholine release frcm neurons. The first
possibility seems unlikely because morphine was shown. to inhibit the
11
synthesis of acetylcholine by mouse cerebral cortex slices and rat
brain slices (Howes et. aZ., 1970 Scharkawi 1970). In regard to the
second possibility, there is no experimental evidence to support or
repudiate its validity at the present moment. In contrast, observa-
tions on the effects narcotics in inhibiting the release of acetylcho-
line from cholinergic neurons (Kennedy and West 1967 Beleslin and
Polak 1965) lend support to the third explanation.
Most investigations show that morphine has little effect upon
brain serotonin content when administered either acutely or over
prolonged periods to a variety of species (Bartlett, 1.960 Sloan
et aZ. 1963). In spite of this, there is one study which showed that
the accumulation rate of serotonin was increased in the brains of
narcotic dependent mice (George and Lomax, 1974).
The effects of narcotic drugs on endocrine functions have been
the subject of a large number of studies. It is known that the
central nervous system plays an essential role in the regulation of
hormonal secretion. The hypothalamus is believed to act as a 'final
common pathway' for integrating neural signals to stimulate hormonal
secretion in the anterior pituitary. Altogether, the anterior
pituitary secretes 6 hormones, they are, the adrenocorticotropic
hormone (corticotrophin, ACTH), thyroid-.stimulating hormone
(thyrotropin, TSH), growth hormone (GH), follicle-stimulating
hormone (FSH), luteinizing hormone (LH), and prolactin (luteotropic
hormone, LTIH). The effects of narcotics on endocrine function have
been recently reviewed (George and Lomax, 1974). The highlights of
12
this study are summarized briefly below:
(1) AC'T'H. Acute administration of morphine may: (1) produce
elevation of plasma corticosteroids, (2) inhibit ACTII release in
response to stress, (3) block the diurnal rise of plasma cortico-
steriods. Chronic administration of mrophine.may: (1) depressed
the basal level of adrenal cortisol secretions, (2) depress the
pituitary-adrenal response to a variety of stresses, (3) alter the
normal diurnal pattern of 17-hydroxysteroids.
(2) TSH. Single intravenous injection of morphine stimulates
TSH release. Chronic administration of morphine inhibits basal
thyroid secretion.
(3) LH and FSH. Morphine appears to inhibit gonadotropin
hormone secretion after either acute or chronic administration.
(4) Growth hormone. Acute administration of morphine stimulates
the release of growth hormone, while chronic administration inhibits
its secretion.
(5) Prolactin. Acute administration of morphine stimulates
Drolactin secretion.
BIOCHEMISTRY OF ACUPL'N. CTURE
Acupuncture has been used for several thousand years in China
to cure disease. Although the therapeutic value of acupuncture is
well established, the mechanism of its action is still unclear.
Perhaps, the most well studied action of acupuncture is its analgesic
effect: Anderson et at. (1974) demonstrated that analgesia can be
13
produced by acupuncture under controlled experimental conditions.
In their study, 30 female subjects were first randomly treated under
either acupuncture or placebo condition, then tested for pain
perception (immersion of hand in ice water). The pain ratings of the
acupuncture group were significantly lower than those of the placebo
group. This result supports the idea that'acupuricture analgesia may
have a physiological basis. In addition, Andersson et aZ. (1973)
showed that electro-acupuncture at low frequency in the cheeks and
hands could produce a distinct elevation of the pain threshold of
the tooth pulp in the majority of the human subjects. Both the
onset and the decline of this type of analgesia was gradual. Other
than humans, Fung et aZ. (1975) have also obtained evidence to
indicate that acupuncture can raise the pain threshold in laboratory
animals. The neurological basis of acupuncture analgesia was studied
by Chan and Fung (1975). They showed that when trains of electrical
pulses in biphasic, sine, sawtooth or triangular shapes, were
delivered to the tsusanZi point in the hindlimb of the cat, a total
suppression of cutaneouspolysynaptic reflexes was produced. Based
on these findings the authors suggested that acupuncture analgesia
can, at least in part, be accounted for by a presynaptic inhibitory
mechanism in the spinal cord.
Recently, Etsutaro Ikezono et aZ. (1976) investigated the effect
of acupuncture in changing the neuronal activity of the peripheral
and central n-ervous system. Based on the results of their study,
they concluded that acupuncture acts by reducing the excitability of
14
specific sensory pathways.
The interrelationships between acupuncture and neurotransmitters
was first demonstrated by a group of workers in China
研 究 所 針 麻 研 究 小 組 ， 1974). They observed that acupuncture could
increase the acetylcholine content in rat brain while the reverse was
observed for noradrenaline. In- contrast to another study (Acupuncture
Anesthesia Research Group. People's Medical College, Changsha. 1973),
acupuncture did not seem to have affected the serotonin level in this
case. Other than simple analgesia, acupuncture probably has a far
more varied effect on the body. In a systematic survey of acupunc-
ture research in China, O'Connor and Bansky (1975) documented that
acupuncture has regulatory effects on the functions of the digestive,
circulatory, respiratory, renal. and endocrine system. In the case
of the -endocrine system, acupuncture has been shown to affect the
secretions of the pituitary-adrenal cortex, the thyroid gland as
well as a number of hormones related to the renal system.
In 1974, an acupuncture anaesthesia group from Peking Medical
College (Research group of Acupuncture Anaesthesia, 1974) attempted
to find if there is any difference between the mechanism of acupuncturE
and morphine analgesia. They observed after the intraventricular
injection of reserpine, a depletor of the monoemines, the analgesic
effect of-morphine disappeared, while that of finger-acupuncture
increased. On the other hand, when atropine, a cholinergic blocker,
was injected, the analgesic effect of morphine remained, while that
of finger-acupuncture ab ted. This result implies that different
neurotransmitters were probably involved in these conditions.
( 陕 西 省 中 醫
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MATERIALS AND METHODS
A. DETERMINATION OF PLASMA ACTH
The plasma ACTH in all. subjects were determined by using commer--
cially available readioimmunoassay kits (Code IM. 66) from the
Radiochemical Centre, Buckinghamshire., England
Assay procedure
A schematic outline of the procedures in the determination of
ACTH is shown in .Fig. 2. For details one can refer to the original
manual supplied by the manufacturer. The sensitivity of this kit
is in the range of 10-4000 pg/ml. No correction for extraction
efficiency was needed. Usually, a standard curve was constructed
for each batch of unknowns. The precision and accuracy of this kit
were determined by evaluating a standard containing 37.5 pg ACTH/ml
plasma. Results from three independent measurements gave a mean of
37.0 p ON ACTH/ml and a standard deviation of 6.9 pg ACTH/ml.. According
to this, the percentage error was 37.3Z at a 95% confidence level.
This value was close to the percentage error given by the manufacturer.
The accuracy of this procedure was determined to be 98.7% (n=3).
16
Sample (10 ml or less of plasma)
extract with glass powder
supernatant residues
dis card wash with water, then iN HCl,
eluted with 50% acetone
1.5 ml el cant
dry down and redissolve in buffet
aliquots for RIA
antiserum
incubate for 16-20 hours at 4°C
labelled ACTH




Fig. 2. Protocol for ACTH radioimmunoassay
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B. DETERMINATION OF CQRT_ISQL LEVE1
Materials
The urine and plasma cortisol ere determined by using commer-
cially available radioimmunoassay kits (NEA-049) from the New
England Nuclear. Corporation, North Billerica, Mass., U.S.A.
Asscu procedure
A schematic diagram of the procedures is shown in Fig..,3.
This kit was sensitive between 0.05-0.5 ng. A standard curve was
constructed for each batch of unknowns. The% bound for each
standard against the log-dose of the standard (ng of steriod added)
was plotted on a semilog paper. The precision and accuracy of this
kit were evaluated by determining repeatedly a standard containing
10 ng cortisol,/mi saline. The results are shown in Table 2.
18
Sample (1 ml or less of plasma or urine)
add 3000 dpm 3h-cortisol






elute with cyclohexane 60
benzene 40
methanol 10
discard 10 ml eluant
6 ml eluant (Cortisol)
dry down and redissolve in buffer-













Table 2. Precision and accuracy of the assay kit for cortisol
Number of Precision (percentageSample quantity (ml)
Accuracyerror at 95% confidence(original. concentra- Mean ± S.Dassay
leveltion : 10 ng/ml)performed
88.8%19.28.88 ± 0.850.14
4 87.2%0.5 8.72 ± 0.52 11.9
l 1.0 94.9%9.49
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c DETEEMTNATION OF CYCLIC AM .11
Materials
The plasma and urine cyclic AMP levels in all subjects were
determined by using a radioinimunoassay kit (TRK. 432) from the
Radiochemical Centre, Buckinghamshire., England.
Assay procedure
A schematic outline of the procedures used is shown in Fig. 4.
The sensitivity of this kit was in the range of 0.2 to 16 pmol/incubat:
tube (or 4-320 pmol/ml of extract). A linear standard curve was cons-
tructed for each batch of unknown by plotting C 0 /C x against the
concentration of cyclic AMP (pmol/incubation tube). Co was the
radioactivity bound in the absence of unlabelled cyclic-AMP and
Cx the radioactivity bound in the presence of samples or standards.
The precision and accuracy of this kit were evaluated by foxir inde-
pendent determinations of a standard containing 22.57 pinol cyclic AMP/
ml. Based on the results obtained, the percentage error was found
to be 2.4%, at 95% confidence level, and the accuracy was 86.4% (n=4).
21
Sample (1 ml plasma or urine

















Fig. 4. Protocol for cyclic AMP radioinununoassay
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D. OTHER DETERMINATIONS
Plasma total cholesterol was determined by the procedure of
King and Wooton (1956) and thyroxine concentration was assayed by a
method described in the Oxford T4 Manual (1969, Oxford Laboratory,
San Mateo, Calif.). Urine catecholamine and vanillyl mandelic acid
(VMA) levels were determined by the methods of Weil-Malherbe (1971)
and Pisano et at., (1974), respectively. Red blood cell cholinesterase
activity was measured by the decrease of p11 during the incubation of
freshly lyzed red blood cells with acetylcholine chloride at 250C
(Demetrion et al., 1974). Blood haemoglobin was determined by the
method of Makarem (1974) after converting the haemoglobin to cyanme-
thaemoglobin.
E. STATISTICAL ANALYSIS
In the present studies, data on individual subject were pooled
and presented as the mean plus or minus one standard deviation. Some
data were excluded by two reasons: (1) values outside the sensitivity
range of the assay methods, (2) values outside the statistic Outlier's
value. The Student's t-test was used to evaluate the significance
of the difference in the plasma concentrations of the compoulids




I. COMPARISON OF TIIE HORMONAL LEVELS B .TWE sN ADDICTED AND NORMAL
SUBJECTS
A. Aim
According to clinical observations, chronic addiction to
opiate drugs can lead to a number of physiological and psychological
disturbances which will ultimately affect the general health of the
addicted subject. The basis underlying such disturbances are not
well understood. It is generally believed that any physiological
consequence of opiate addiction must first be mediated through the
binding of the opiate drug to specific receptor sites in the central
nervous system (Seevers and Pfeiffer, 1.936).
Disturbances of endocrine functions have been proposed as one
of the causes for various physiopsychological changes after chronic
opiate addiction. The most notable example of this is the reduction
of sexdrive in male addicts and the cause of this has been suggested
to be associated with a decrease of testosterone level. (Martin and
Fraser, 1961 Farmer and Merrill, 1974)
Since 1972, AES has been successfully used to r`li_eve drug
withdrawal pains. In order to evaluate the role of opiate addiction
in affecting endocrine functions, and to obtain background data. for
our AES treatment study, we first examined the serum ACTH, cortisol,
aldosterone, thyroxine, cyclic AMP and cholesterol level of chronic
heroin addicts and normal controls. It was expected that an
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deviations in the levels of these compounds among the two groups
would reflect an impairment of normal physiology which may in turn
be the basis of physiopsyhological changes.
8. Subjects' background
The experimental subjects consisted of 24 chronic heroin addicts
and 23 normal healthy controls. All subjects examined were male
Chinese. The mean age of the heroin addicted group was 35 years with
a range of 16 to 61 years. The average length of addiction was
10 years ranging from 0.3 to 30 years. The mean age of the normal
group was 27.5 years and the range was 22 to 50 years. The average
body weight of the addicted and the normal subjects was 118 and 135
lbs, respectively. All addicted subjects were directly from the
street and no treatment for addiction was prescribed. In these
subjects, 16 took heroin by inhalation while the rest of them by
intravenous injection.
C. Result
The plasma concentrations of the various hormones and compounds
assayed were compared between the chronic addicted subjects and
their normal controls (Table 3). In the addicted group, significantly
lower mean levels of ACTH, cholesterol and cyclic AIT were observed.
On the other hand, the addicted subjects' thyroxine level was signi-
ficantly higher than that of their normal counter parts. Both
cortisol and aldosterone levels were not significantly different
between the two groups, however, the mean levels of these hormones
were somewhat lower in the heroin addicts.
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Table 3. Plasma concentrations of hormones and other compounds of chronic heroin addicts
and normal controls
Test ofNormal controlsHeroin addicts
Compounds
n Mean± S.D. Range significance**RangeMean± S.D.n
ACTH If 20 25 13 9-58 0.01>P>0.00515 9 5-37
(pglmi)
6 n.s.228-25 22 8Cortisol 18 9-3310
(pg/l00 ml)
18 n. s.24Aldosterone 10 6 11-3312-231 5
(n/100 ml
1.74.9-8.8 P0.0012.8-6.8Thyroxine 22 6.1 23 4.61.3
( g/100 ml)
0.01>P>0.001Cyclic AMP 413 10 2-211-13 16 6
(pmol/ml)
181135-180Cholesterol 21 156 34 P< 0.00115 25 136-278
( g/100 ml)
Values in parenthesis are units of concentrations.
*The significance level of the difference was evaluated by the Student's t- teste n.s.,
not Significant
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The magnitude of deviation of ACTII, cyclic AMP, cholesterol
and thyroxine levels of the heroin addicted subjects from that of
their normal counter parts may be related to the length of drug used.
However, attempts to correlate the serum concentrations of these
compounds with the period of addiction did not yield an apparent
pattern.
D. Discuss on
The influence of opiate drugs upon the hypophyseal--.adren.l axis
is well documented in a recent number of animal experiments (Farmer
and Merrill, 1974). A single dose of morphine injected into human
subjects has also been shown to depress the plasma cortisol and ACTH
level (George and Lomax 1974). Although no significant reduction of
plasma cortisol level in the heroin addicted subjects was observed
in the present study, a significant depression of ACTH level was
detected. ACTH plays a significant role in preparing the body to
counteract various environmental as well as internal stimuli, hence,
suppression of its secretion would probably have a harmful effect on
the well being of the organism. In this connection, the reduced mental
and physical alertness of chronic heroin addicts can be, at least,
partially explained by the impairment of their hypophyseal-adrenal
function resulting from prolonged drug taking.
In contrast to ACTH, cortisol and aldosterone, the thyroxine
level in the plasma of chronic herion addicts was significantly higher
than that of their normal counterparts. The reason why the thyroxine
level is elevated in this group of individuals is not clear. Since
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thyroxine is directly involved in controlling the metabolic rate of
the body, an increase in the level of this compound might have been
elicited by a natural physiological response to the stress of drug
taking. Consequently, the addiction to heroin may change the secretory
pattern of the pituitary gland and, in this particular case, the
secretion of TSH might have been stimulated. Serum cholesterol is
known to be indirectly influenced by thyroxine. The significantly
lowered cholesterol level observed in the heroin addicts may be
accounted for by a thyroxine stimulated increase of cholesterol
metabolism.
Cyclic AMP has been proposed to play major roles in mediating
hormonal responses (Jost and Rickenberg, 1971) as well as nerve
transmission (Greengard, 1976). In connection with narcotic addiction,
cyclic AMP level is decreased in hybrid neuroblastomaglioma cells
after exposure to 10 pM of morphine (Sharma et al., 1975). Although
the origin of cyclic AMP in the body fluid is uncertain (Broadus
et al., 1971), our present result clearly indicates that heroin addic-
tion significantly lowers the plasma cyclic AMP level. One source
of plasma cyclic AMP may come from the adrenal gland as a result of
ACTH stimulacion (Jost and Rickenberg, 1971). In. view of this, the
lower level of plasma cyclic AMP in the heroin addicted subjects
may be due to the lack of ACTH to stimulate the adenylate cyclase
in the adrenal gland to form cyclic AMP. Other than this explanation,
the lower le,,-.7:!l of cyclic ASP in' the plasma may reflect a possible
inhibition of neural function as a result of drug taking. Nominal
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support for this contention comes from the fact that cyclic AMP is
believed to be involved in mediating neural transmission (Greengard,
1976) and that the adenylate cyclase activity in cultured nerve cells
could be inhibited by a very low concentration of narcotic drugs (Sharma
et al., 1975).
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II.A PRELIMINARY STUDY ON BIOCHEMICAL CHANCES IN THE BLOOD AND
URINE OF GEROIN ADDICTS TREATED BY ACCUPUNCTURE WITH ELECTRIVAL
STIMULATION
A. Aim
The successful use of AES for the relief of withdrawal symptoms
has been reported (Wen and Cheung, 19 73 Wen Teo,1.9 75). It was found
that subjects addicted to heroin show substantial improvements in
respect to their withdrawal symptoms after 15 to 30 minutes of
AES treatment. In view of this effect, it would be interesting to
explore if there are any biochemical changes associated with this
type of treatment and, if there are, what functional roles these
changes may play in the relief of withdrawal symptoms.
Since both blood and urine are the most accessible physiological
pools in the human body, we had attempted to examine (1) the blood
levels of ACTH, cortisol, cyclic AMP, red cell cholinesterase
activity, haemoglobin and white blood cell (2) the urine levels of
aldosterone, catecholamine, vanillyyl mandelic acid (VMA) cortisol
and cyclic AMP during the process of AES rehabilitation.
B. Patient background
Ten female subjects, addicted to heroin and their ages ranging
from 18 to 39 years with a mean of 23.1 years, made up the study group.
The length of addiction was from five months to five years. They
were all Chinese admitted voluntarily to the Women's Treatment Center
of the Hong Kong Society for the Aid and' habilitation of Drug
Addicts. Each of the subjects showed withdrawal symptoms when
deprived of heroin. Nine of them took heroin by inhalation. Only
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one used injection.
C. Method and program of treatment
Upon admission to the Women's Treatment Center, the subjects
were given 10 mg of methadone, three times on the first day, 10 mg
twice on the second day and 5 mg twice on the third day. On the
fourth day, AES treatment began and no further methadone was given.
The concha of both ears was first cleaned with an alcohol cotton-
wool swab, then, a sterile, half-inch stainless-steel acupuncture
needle, gauge 30, was inserted into each side of the ear, subcutane-
ously for about 3 mm. deep. The needles were then connected to an
electrical stimulator (Biopulse Generator, Biopulse Co. Ltd., Hong
Kong), which was run by a 12 V battery. The frequency was 125 Hz.
and the wave-form was square. On the average, only 5 to 6 V were
required by the subjects. Some patients might need more depending
on the duration of their addiction, the quantity to drug they had
taken and the method used.
When the intensity of electrical stimulation was increased,
the subject felt vibration passing through the needles in each
concha, much like the buzzing of a mosquito. Too much current would
produce pain, headache, nausea, vomiting and, sometimes, even skin-
burns. It was advisable to ascertain whether the patient felt the
tickling sensation in the ear. If so, stopped at this point.
Usually, after 5 or 10 minutes, the subject could not feel the
current any more and then the intensity Should gradually be increased.
The duration ot rrnatinent was 30 minutes. The patients received AES
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treatment three times daily in the first few days. As the patient
experienced less withdrawal symptoms, the frequency of AES treatment
was reduced proportionally. Fig. 5. summarizes the scheme of treatment
and sampling after admission to the clinic. The program of sampling
was designed to evaluate both the short and long term effects of
AES on biochemical changes.
Sampling procedure
Blood samples were obtained from subjects between 9.00 and 10.00
am by venepuncture and collected in tubes, containing either heparin
or EDTA as anticoagulants. The blood obtained in this manner was
immediately cooled in an ice-bath. Plasma was separated from the
blood cells by low-speed centrifugation (3,000 x g) and was frozen
at -20°C till needed.
Urine samples from individual subjects were collected in 3
liter bottle over a 24-hour period. No preservatives were added.
All urine samples were stored at 4°C for no more than four days prior
to the tests.
D. Result
The plasma ACTH and cortisol levels of the addicts revealed
significant changes before and after AES on the fourth day after
admission (Fig. 6 7). ACTH net reduction, which was calculated
using pre AES value minus post AES value in individual case, was 34.3%
(0.025p0.001) and cortisol was 34.0% (0.05P0.02). Neither
presented much change before and after AES on Day 7. On Day 10,
ACT}I and cortisol only showed a slightly reduction compared with
the levels obtained at Day 7. The plasma cyclic. MP (Fi. 8) on
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(2) 24-hr urine
Fos t- treatmen tDay 10 AES
Day 9 AES (1) pre AES blood observation
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rig. 5. Post admission treatment scheme of heroin addict-s-
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Day 4 showed a post AES reduction of 40.3% (0.3P0.2), and this was
not significant. On Day 7 no change was noted. An overall reduction
of cyclic AMP level was observed on Day 10.
The red blood cell cholinesterase activity, serum T3 uptake,
white blood cell count and haemoglobin of the heroin addict showed no
remarkable change during AES treatment. (Fig. 9, 10, 11 12).
Urine aldosterone, cortisol, catecholamine and cyclic AMP all.
showed changes after Day 4 and then increased slightly on Day 7.
After that, they started to decline and fluctuate (Fig. 13 A, B, C, E),
however, the above trend could not be regarded as significant.
Urine VMA level showed a gradual increase from 2.5 mg/day to 4.25
mg/day on Day 7 (Fig. 1.3 D). After that, it started to go down and
then stabilised at 3.4 mg/day.
E. Discussion
In this preliminary study, we evaluated a number of biochemical
parameters in both the blood and the urine before and after AES
treatment of heroin addicts. Based on our findings, AES appears to
have little effect on haemoglobin, white blood cell and red blood
cell cholinesterase level in heron addicts. On the other hand,
initial AES treatment was effective in reducing the plasma cyclic AN?'
ACTH and cortisol level in heroin addicts.
The effect of AES seems to wear off after three days of treat-
ment (i. e., Day 7 on the treatment scheme). On the seventh day,
both ACTH and cortisol showed little change (Fig. 6 7) before and
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Fig. 13 Comparison of

















the first three days of AES treatment, the addicts were not given
substitute drugs and this could have brought on the withdrawal
symptoms. In support of this contention, one to two days after the
initial AES treatment subjects often showed signs of the withdrawal,
Because of this, more frequent and longer periods of AES treatment
were needed to satisfy the subjects' craving for heroin. However,
after the first three days of AES treatment, there was no evidence
of clinical symptoms or signs of withdrawal pains. Apparently, by
this time, AES had somehow stabilised the subjects' condition and
accordingly additional AES might have little effect in inducing
biochemical and hormonal changes.
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III. COIPARSION OF THE EFFECT OF ACUPUNCTURE WITH ELECTRICAL STIMU-
LATION ON THE PLASMA HORMONAL LEVEL IN HEROIN Ai DDIC7FD AND
NORMAL SUBJECTS
A. Aim
According to the results of previous studies, it is apparent
that chronic addiction to opiate drugs can lead to a number of
physiological disturbances. The plasma ACTH.and cortisol levels of
female heroin addicts were significantly reduced after initial AES
treatment. In order to further evaluate the effect of AES in the
endocrine functions between heroin addicted and normal subjects, we
examined the plasma ACTH, cortisol and cyclic AMP levels of chronic
heroin addicts and normal controls before and after initial AES treat-
ment. It was hoped that any difference in response to treatment
amongst the two groups would yield important insights to explain the
role of AES treatment in addiction.
B. Subjects' back grouncr'.
In this study 32 male addicts were examined. All except one
patient were Chinese. They were admitted voluntarily to the neuro-
surgical ward of Kwong Wah hospital,-Tung VJah Group of Hospitals,
Hong Kong. The average length of addi ction was 9. 7 years ranging
from 2 to 2} years. Sixteen of them took heroin by inhalation and
the rest intraven ncs injection. The average body weight was
112.6 lbs. rancin2 from 100 to 12 1hq_
C. Method and progrc of treatment
upon admission to Kwong Wah hospital, 15 of the 32 addicts
41
were given appropriate amount of methadone prescribed by the doctor.
In some cases the patients were already on methadone treatment
before admission. These 1.5 addicts were designated as the methadone
pre-treatment group. No further methadone was given in all cases
after the beginning of AES treatment. The rest of the 17 addicts
received no other treatment except AES. All male addicts were treated
by AES in the same manner as the female addicts for seven days.
The normal control group of this study consisted of 31 subjects
17 male and 14 female. They were all healthy Chinese. The average
age was 24.2 years with a range of 20 to 50 years. Their average
body weight was 123 lbs.
This group was acupunctured under similar conditions as those
of the addicts.
All blood samples were collected before and after the initial
AES.
D. Result
As methadone pre-treatment did not seem to have any.effect on
biochemical. changes during AES treatment, we decided to pool the
data of the methadone pretreated and the unpretreated group together
for evaluation. The raw data obtained from all the addicts examined
are shown in the appendix.
Examination of the mean plasma ACTH and cortisol levels of the
addicted group revealed a significant decrease of 17.8% and 15.3%
after AES (Table 4 5). When the addicted group was separated by
sex, the plasma ACTH and cortisol levels of the female addicts showed
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Table 4 Plasma ACTH (pg/ml) levels of heroin addicted and normal subjects before
and after AES treatment
lest of signiticance
Subjects No. Pre-AES Post-AES Pre minus Post by difference
All addicts 26 25.9±18.4 21.3±17.4 4.47±7.70 0.010P0.001*
Male addicts 19 26.0±20.7 23.0±19.8 3.04±6.61 0.100P0.050
Female addicts 7 25.4±11.2 16.7±7.3 8.73±9.41 0.025P0.010*
All normal 19 18.2±9.0 18.2±7.8 0.46±9.64 n. s.
Male normal 12 17.0±10.1 21.2±6.7 -4.08±6.91 0.100P0.050
Female normal 7 21.4±6.5 13.2±7.5 8.23±8.93 0.100P0.050
a leans significant
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Table 5 Plasma cortisol (ug/100 ml) lsvels of heroin addicted and normal subjects before
and after AES treatment
lest of significance
Subjects No. Pre-AES Post-AES Pre minus Post
by difference
All addicts 34 20.3±13.0 17.2±11.2 3.10±8.57 0.050P0.020*
Male addicts 26 19.2±1.2.7 17.6±12.3 1.54±7.88 n.s.
Female addicts 8 23.8±14.2 15.7± 7 .4 8.15±9.28 0.050>P>0.020*
All normal 30 13,8±8.2 13.0±9.3 0.79±7.25 n.s.
Male normal 17 10.2±5.5 10.2±4.6 0.26±4.82 n. s.
Female normal 13 18.1-±9. 2 1 6. 7-±-12.4 1.49±9.75 n. s.
* means significant
44
a significant reduction while no such changes were observed in their
male counterparts. In the normal subjects, both ACTH and cortisol
levels showed no significant net changes before and after AE S. On
the other hand, if the data for male and. female subjects were
analyzed separately, the plasma ACTH level tended to increase with
the male and decrease with the.fernale after AES treatment. Whether
such sex difference does exist in AES treatment is an open question,
In contrast to ACTH and cortisol, the plasma cyclic AMP in the
addicted or normal subjects showed no significant net changes before
and after AES (Table 6).
Comparison of the pre--AES ACTH, cortisol and cyclic AMP levels
between the addicted and normal subjects indicated that the average
ACTH and cortisol levels in the addicts were higher than that of the
normal- subjects by about 42.3% (0.10P0.05) and 32.0% (0.05>P>0.02).
respectively. On the other hand, the average plasma. cyclic AMP level
of the addicted subjects was lowered by about 19.2% (0.10P0.05).
The higher ACTH and cortisol levels in the addicted group were
probably due to the effect of drug withdrawal prior to AES treatment.
The scatter diagrams of the net changes in the plasma ACTH, cor--
tisol and cyclic AMP levels before and after AES are shown in Fig. 14,
15 1.6. The patterns of the data seemed to be normally distributed.
E. Discussion
The biochemical basis of drug addiction and the mechanism of
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Table 6 Plasma cyclic A-IP (pmol/mi) levels of heroin addicted and normal subjects before
ad after AES treatment-
Subjects No. Pre-AES Post-AES Pre minus Post by difference
All addicts 32 8.0±4.8 7.5±5.5 0.50±4.56 n.s.
Male addicts 25 8.0±4.9 8.3'5.7 -0.28±3.81 n. s.
Female addicts 7 7.9'4.6 4.6±3.4 3.29±6.14 n.s.
All normal 31 9.9'3.9 9.5±3.2 0.46±2.19 n.s.
Male normal 17 10.0±3.1 9.5±3.2 0.44±1.49 n.s.
Fey ale normal 14 9.8±4.9 9.4±3.3 0.47±2.90 n.s.























Fig. 14. The scatter diagram of the net change in plasma ACTH
level before and after AES.
























Fig. 15. The scatter diagram of.the net change in plasma cortisol
level before and after AES.


























Fig. 16. The scatter diagram of the net change in plasma cyclic
AMP level before and after IES.




acupuncture with electrical stimulation (AES) in ameliorating with-
drawal symptoms are, by and large, unknown. In the present investigation
we examined the plasma ACTH, cortisol and cyclic AMP levels before
and after AES treatment of heroin addicts and normal. subjects. In
view of our findings, initial AES treatment appears to be effective
in reducing the plasma ACTH and cortisol in heroin addicts but not in
normal subjects. The different effects of AES treatment on addicted
and normal subjects may be due to the fact that heroin addiction
has somehow altered the neural and/or hormonal physiology of patients
and, consequently, these patients may become more susceptible to AES
treatment. Renault et aZ. (1972) have demonstrated that an elevation
of plasma cortisol level in methadone--maintained addicts usually
preceds the appearance of withdrawal symptoms. In this connection,
the suppression of ACTH and cortisol levels after initial AES treat-
ment may be taken as an indication of how this technique can avert
and ameliorate withdrawal symptoms.
The secretory pattern of the compounds that have been shown
to be affected by AES in the present study, VIZ., ACTH and cortisol,
is believed to be closely controlled by the central nervous system
(Grizzle et aZ., 1974 Feldman et al., 1975). On the other hand,
the haemoglobin and the white blood cell levels, which did not show
any change after AES, are less or not so directly related to the
nervous system. In view of this, it would seem that the action of
AES in the treatment of drug addiction is mcst likely neuro-physio-
logical in origin.
50
in contrast to ACTH and cortisol, plasma cyclic AMP level did
not show significant changes after AES. Based on in vitro data obtained
from neuroblastoma x glioma cell, Sharma et al. (1975) hypothesized
that cellular cyclic AMP is probably suppressed during addiction,
and becomes elevated upon withdrawal. Since one of the actions
of AES is to suppress the onset of withdrawal, according to Sharma's
theory, the cellular cyclic AMP Level should show a decrease. Our
inability to observe a decrease of cyclic AMP level in the plasma
after AES, of course, cannot be regarded as equivalent to no change
at the cellular level. In order to resolve this problem, further work
must be done at the tissue level.
In animal studies, acupuncture induced reduction of adrenal
ascorbic acid was found to be more pronounce in femal tha in
( 西 安 醫 學 院 針 麻 基 礎 理 論 研 究 協 作 組male rats ,1974).
Our present findings also indicated that there might be a possible
sex difference in response to AES treatment with respect to ACTH




Chronic addiction to opiate drugs could lead to a number of
hormonal disturbances, such as lower levels of ACTH, cholesterol
and cyclic AMP, and elevated level of thyroxine. In these studies,
we have only selected a limited number of chemical parameters to
gauge the progress of addiction treatment. In order to determine
the possible neuro-biochemical relationship between AES and the
treatment of drug addiction,, additional. parameters such as
neurotransmitters and pituitary hormones other than ACTH should
be investigated.
Recently, a number of peptides isolated from nervous tissues
were shown to have biochemical and physiological characteristics
similar to those of the opiate drugs (Goldstein, 1976). These
endorphins, as they are generally called, are believed to be the
natural ligands for the opiate receptors. Electrical stimulation
in certain areas of the brain is known to produce analgesia in
experimental animals (Mayer and Price, 1976). A number of inves-
tigators feel that such analgesic responses could be explained by
the release of endorphins resulting from such stimulation. (Mayer
and Price, 1976). Since AES is just another form of electrical
stimulation, its action may also be mediated through the secretion
of endorphin. In support of this contention, the sensation that
the addicts feel during AES treatment is often described as like
having a dose of heroin. Moreover, Pomernz and Chiu (1976) observed
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that the analgesia produced by acupuncture could be blocked by a
pure opiate antagonist, naloxone. In view of these observations,
it will be of great interest to determine whether AES treatment
can alter the secretory pattern of the endorphins and to ascertain
whether these peptides can act as neuro-physiological substitutes
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RELATION OF PURCHASED PRICE AND FAMILY INCOME
$2.2- 2.5$1.8- 2.1$1.4- 1.7$1.0- 1.3 Above $2.5Family Income
0 0= 100%0 0100Below $1,000
25 25 Q 100%25?5$1,001 $2,000
0 15= 100%04540$2,001 $3,000
12= 100%468 016$3,001- $4,000
20 40= 100%Lu1010$4,001- $5,000
26= 100%327 19 16Above $5,000
60
Methadone
Patient No Sex pre-treatment pre AES post AES pre AES post AES pre AES psot AES
(Addicts) 120 M 8 6.4
121 M
3.2 10.4
122 M 22.2 14.8 6.9 8.3
123 M 10.0 4.8 6.9 5.5
124 M 17.7 15.0 7.4 10.9 10.7 8.3
125 M
84.5 82.3 9.5 18.1 8.0 12.3
126 M
23.1 16.7 1.6 2.3 7.2 7.2
127 M
17.4 21.3 4.7 5.5
129 M 23.9 28.8 30.0 31.0 4.8 5.7
130 M
60.9 44.3 47.0 48.0 14.4 11.3
46.7 41.8 7.6 6.8
131 M
132 M
27.7 28.2 20.6 34.9 5.3 9.0
(Normal) N1 M
7.0 5.0 5 4.5N4 M
8.0 9.0 6 4.5
N10 M
N30 F 5.0 3.0 3.5 3.5
N31 F
25 10 31.0 11.0 0.5 2.5
]N32 F
17 8 4 9
N34
F
13 9 6.0 9.0 4.3 3
N35 M 15 17.9 29.1(25.1) 34.6(27.6) 15.2(17.1) 12(14.1)
N36 F
11.9 11.8 14.7 19.8 10.4 8.0
0.6 10.8 10.8(14.7) 3.6(12.2) 15(8.4) 16.4(13.4)N37 F
9.4 6.7 9.6 9.6N38 F
28.5 9.6 8.8 8.4N39
F
15.9 18.1 9.6 9.6N40
F
11.9 9.8 8.8 10.4N41 F
23.4 8.8 29.8 44.1 11.2 11.2N42 M
21.5 12.1 7.2 6.4N43 M
10.8 12.6 16.4 9.2 10.4(11.4) 11.2(11.7)N44 M
42.4(23.0) 31.1(20.7) 3.4(11.5) 6.8(8.8) 12.8(12.0) 12.8(11.7)N45 M
10.7 18.4 11.3 6.3 12 11.2
61
Patient No Sex pre-treatment pre AES post AES pre AES psot AES pre AES post AES
(Normal) N47 F 8.2 5.7 8 9.6
N48 M 13.9 24.6 6.0 15.9 8.8 7.2
N49 M 11.5(29.8) 21.4(30.9) 4.6(12.5) 4.9(12.8) 9.6(10.7) 10.4(11.4)
N50 M 10.2(18.0) 17.1(25.2) 6.5(11.3) 10.0(12.4) 13.6(9.5) 12.0(11.6)
N51 M 10.2 13.1 4.1 6.5 14.4 10.4
N52 M 11.7 26.1 14.0 16.4 12.3 13.6
N53 F 26.1 28.4 15.4 24.4 8.6 9.7


